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Introduction:  The  aim of the  present  study  was  to compare  mid-term  clinical  and  functional  results  of two
ﬁxed-bearing  EUROP  total  knee  arthroplasties  (TKA)  with  the  same  design,  one  in  which  the  posterior
cruciate  ligament  was  retained  (CR) and  the  other  with  posterior-stabilization  (PS).
Hypothesis:  Mid-term  results  are  similar.
Materials  and methods:  In this  prospective,  single  centre,  comparative  study,  104  patients  (mean  age 76)
received  114  cemented  ﬁxed-bearing  posterior  cruciate-retaining  or posterior-stabilized  EUROP  TKA.
Only patients  in whom  the  medial  pivot  and ligaments  were  intact  received  a CR  prosthesis.  The  ﬁnal
decision  to retain  or not  the  posterior  cruciate  ligament  was  made  if  the ﬂexion  gap  was  well  balanced
above  90◦.  Clinical  evaluation  was  performed  using  the  International  Knee  Society  (IKS)  score  at  a  mean
follow-up  of  54 months.
Results: The  preoperative  IKS function  score  improved  from  30  points  in both  groups,  to 75 points  in  the
CR  group  and  to 65 points  in  the  PS group  postoperatively.  The  preoperative  IKS  knee  score  improved
from  29  and  25 points  in  the  CR and  PS groups,  respectively,  to  87 points  in  both  groups  postoperatively.
There  was no  signiﬁcant  difference  in  the  pre-  or postoperative  scores  between  the  two  groups.  Four
prostheses  underwent  surgical  revision,  three  CR and  one  PS.  With  revision  for  any  reason  as  the  end
point,  seven-year  overall  implant  survival  was  94.8%  in  the  CR  group  and  97.5%  in the  PS group.  There
was  no  signiﬁcant  difference  between  the CR and  PS groups.
Discussion:  When  the  indications  were  followed,  our  study  shows  similar  mid-term  results  for  both  types
of  TKA.
Level  of evidence:  Level  IV, prospective  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Published studies comparing posterior cruciate ligament (PCL)-
etaining and posterior-stabilized total knee arthroplasties (TKA)
ave shown similar clinical and functional results with both types
f implants [1–10]. The only difference in the different TKA was
ostoperative knee range of motion, although the results varied
epending on the study. Two randomized comparative studies
howed that mean maximum ﬂexion following PCL-retaining TKA
CR) was lower than with posterior-stabilized TKA (PS) [3,7]. On the
ther hand, other randomized studies have shown that there was
∗ Corresponding author. Clinique Saint-Roch, Chirurgie Orthopédique et Trauma-
ologique, chemin du Mas-Anglade, 66330 Cabestany, France.
el.: +33 4 68 67 61 00; fax: +33 4 68 35 02 03.
E-mail address: a.mouttet@wanadoo.fr (A. Mouttet).
http://dx.doi.org/10.1016/j.otsr.2014.05.023
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.no difference in postoperative knee range of motion following CR
and PS [1,2,9,11].
The goal of our study was to compare the mid-term clinical
and functional results of two  EUROP (Euros SAS, La Ciotat, France)
ﬁxed-bearing prostheses with the same design, one PCL-retaining
(EUROP CR) and the other with posterior-stabilization (EUROP PS).
We hypothesized that mid-term results are similar.
2. Materials and methods
2.1. Population
Between January 2004 and December 2006, 185 consecutive
TKA were performed (171 patients) by a single surgeon. Inclusion
criteria for this prospective study were (1) a ﬁxed-bearing LCP-
retaining (CR) or posterior-stabilized (PS) EUROP Version 2 knee
prosthesis and (2) cement ﬁxation (Fig. 1). The choice of the type
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185 primary consecutive TKA  
between January 2004 and Dece mber 2006 
(171 patients) 
Did not meet inclusion criteria (n=55) 
• 42 non EUROP prostheses 
• 13 EUROP V1 prostheses 
130 primary TKA EUROP V2 prostheses 
(120 patients) 
16 exclusions (16 patients) 
• 1 patient deceased one  month after surgery 
• 1 patient lost to follow up 3 months after surgery 
• 14 patients questioned by telephone for various 
reasons (moving  house,  age,  other  disabling  disease, 
impossible travel...) 
114 knees assessed
(104 patients) 
Group 2 : 
43 posterior-stabilized prostheses 
(40 patients) 
Group 1 : 
71 posterior  cruciate  liga ment 
retaining  prosthe ses 
(66 patients) 
 the pr
o
a
p
T
s
i
d
c
A
w
o
m
t
i
a
T
m
f
5
T
b
c
mFig. 1. Flowchart showing
f implant was based on the preoperative clinical and radiological
ssessments. Preoperative medial and lateral reducibility of frontal
lane deformities were systematically tested by the Telos® device.
he ﬁnal decision to perform the CR prosthesis was  made during
urgery and based on an intact medial pivot and balanced ﬂex-
on/extension gaps as well as the absence of any posterior strain
uring maximum ﬂexion.
Only patients who underwent preoperative and postoperative
linical assessment at least 12 months follow-up were selected.
fter 12 months follow-up, one patient had died and one patient
as lost to follow-up. Patients followed-up by telephone because
f their age, diverse associated diseases or because they had
oved making it impossible for them to come to the consulta-
ion were excluded from the analysis (Fig. 1). The ﬁnal population
ncluded 114 knees (104 patients, 74 women and 30 men, mean
ge 76 ± 6 years old [57–91 years old)], including 71 PCL-retaining
KA (CR group) and 43 posterior-stabilized TKA (PS group). The
ean clinical follow-up was 54 months (range 12–115 months)
or the 114 knees; 55 months (12–115 months) for the 71 CR and
2 months (12–105 months) for the 43 PS.
Epidemiological and morphological results are reported in
able 1. There was no signiﬁcant difference in preoperative results
etween the CR and PS groups for age, gender, BMI, etiology, Insall
lassiﬁcation [12], type and value of frontal plane deformities or
edical history (Table 1).ocess of patient selection.
2.2. Implants
The EUROP Version 2 (EUROS SAS, La Ciotat, France) prosthesis
was used for all knees (Fig. 2). The femoral component has a cobalt-
chrome multiple radii asymmetric condyle with hole for cement.
The PS version of the femoral component was designed with an
additional central condyle.
The tibial component has a cobalt-chrome monoblock base, with
hole for cement, allowing the ﬁxed liner to be snapped in place, and
a titanium tibial extension keel for all PS implants.
The ultra-high molecular weight polyethylene (UHMWPE) lin-
ers was moulded. The CR liner has two  slightly raised anterior and
posterior areas. Only the raised anterior area is present on the PS
version of the tibial liner, which is designed as an additional cen-
tral tibial post. The liner was at least 9 mm thick in all cases. The
UHMWPE patellar component has a central peg.
2.3. Surgical technique
All arthroplasties were performed by the same surgeon with
the same prosthesis and the same technique. An anterior approach
was used with a medial parapatellar and transquadricipital
arthrotomy. All TKA were performed with a ligament balancing
system (SBS EUROS). All prostheses were cemented in one step
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Table  1
Preoperative data.
CR group PS group Stats
Number 71 knees (66 patients) 43 knees (40 patients)
Gender 47 womenf (71.2%) 29 womenf (72.5%) P = 0.89a
19 men  (28.8%) 11 men (27.5%)
Age (year) 76 ± 5 (57–87) 77 ± 7 (57–91) P = 0.08e
BMI  (kg/m2) 28 ± 4 (18–40) 28 ± 3 (21–36) P = 0.87e
Etiology Primary osteoarthritis: 63 (88.7%) Primary osteoarthritis: 35 (81.4%) P = 0.27b
Post-traumatic osteoarthritis: 3 (4.2%) Post-traumatic osteoarthritis: 4 (9.3%)
Osteonecrosis: 5 (7.0%) Osteonecrosis: 3 (7.0%)
Rheumatoid polyarthritis: 0 (0%) Rheumatoid polyarthritis: 1 (2.3%)
Insall  classiﬁcation A: 47 (66.2%) A: 26 (60.5%) P = 0.54c
B: 21 (29.6%) B: 13 (30.2%)
C:  3 (4.2%) C: 4 (9.3%)
Deformity Varus: 59 (83%) Varus: 38 (88%) P = 0.44d
Valgus: 10 (14%) Valgus: 5 (12%)
Normal: 2 (3%) Normal: 0 (0%)
Varus = 8◦ ± 3◦ (2–14◦) Varus = 8◦ ± 4◦ (2–18◦) P = 0.29e
Valgus = 4◦ ± 2◦ (2–6◦) Valgus = 3◦ ± 3◦ (1–7◦) P = 0.32e
Medical history 8 antecedents/8 knees (11%) 9 antecedents/7 knees (16%) P = 0.44a
a Chi2 test.
b Chi2 test: primary osteoarthritis versus non-primary osteoarthritis.
c Chi2 test: A versus not A.
d Chi2 test: varus versus non-varus.
e Mann–Whitney test.
f One CR in one side and one PS in the other side for two women.
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aFig. 2. The EUROP prosthesis (EUROS). A. EUROP CR. B. EUROP PS.
sing a pneumatic tourniquet during cementing. The patella was
esurfaced in 98% of the cases.
Additional procedures were performed in 12 knees: 8 releases
f the lateral patellar retinaculum (3 CR and 5 PS), 3 removals of
nternal ﬁxation material (3 PS), and 1 partial release of the medial
ollateral ligament (1 PS).
.4. Survival analysis
Implant survival was calculated by the Kaplan–Meier method
ith a conﬁdence interval of 95% with failure deﬁned as partial or
otal revision of the prosthesis. A log rank test was used to compare
istribution of survival between the CR and PS groups..5. Evaluation
Patients were prospectively evaluated. Clinical and functional
ssessments were performed according to International KneeSociety (IKS) guidelines [12]. Knee range of motion was measured
by goniometry.
2.6. Statistical analysis
Results were expressed as median values and minimum-
maximum ranges. Quantitative variables were compared with the
Wilcoxon test for paired series and the Mann–Whitney test for
independent variables. Qualitative variables were compared with
the Chi2 test. The Pearson test was  used for correlations. The tests
were bilateral with a risk of type I error of 5%. Statistical analyses
were performed with SPSS version 19 software (SPSS Inc., Chicago,
Illinois, USA).
3. Results
3.1. Clinical and functional results
The median preoperative knee score was  29 points (0–69) for
CR and 25 points (0–52) for PS (Table 2). The median postoperative
knee score was  87 points (48–100) for CR and 87 points (64–100)
for PS (Table 2). There was  no signiﬁcant difference in preoperative
(P = 0.14) or postoperative (P = 0.82) scores between the CR and PS
groups (Fig. 3).
There was  no difference in postoperative pain (P = 0.30) or
ﬂexion (CR = 110◦; PS = 115◦; P = 0.12) between the two groups
(Table 2). Body mass index (BMI) was negatively correlated with
postoperative ﬂexion (R = –0.25; P < 0.02). There was a positive cor-
relation between preoperative ﬂexion and postoperative ﬂexion
for the entire series (R = 0.42; P < 0.0001), the CR group (R = 0.38;
P < 0.001), and the PS group (R = 0.53; P < 0.0001).
The median preoperative functional score was  30 points (0–85)
for CR and 30 points (0–75) for PS (Table 2). The median postop-
erative functional score was 75 points (0–100) for CR and 65 points
(0–100) for PS (Table 2). There was  no signiﬁcant difference in pre-
operative (P = 0.48) or postoperative (P = 0.73) results between the
CR and PS groups (Fig. 3). There was  no difference in postoperative
results for walking (P = 0.73) or taking stairs (P = 0.20) between the
two groups.
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Table 2
Clinical assessment and statistical comparison of the PCL-retaining (CR) and posterior-stabilized (PS) EUROP TKA.
IKS Preoperative Postoperative Statistics*
CR PS CR PS CR group preop
vs postop
PS group preop
vs postop
CR vs PS preop CR vs PS postop
Functional score (100 points) P = 0.0001 P = 0.0001 P = 0.48 P = 0.73
Mean ± SD 35 ± 16 32 ± 13 70 ± 27 67 ± 28
Min/max 0/85 0/75 0/100 0/100
Median 30 30 75 65
Walking score (/50 points) P = 0.0001 P = 0.0001 P = 0.39 P = 0.73
Mean ± SD 23 ± 9 24 ± 8 38 ± 13 39 ± 13
Min/max 10/50 10/40 10/50 10/50
Median 20 20 40 50
Stair  score (/50 points) P = 0.0001 P = 0.0001 P = 0.12 P = 0.20
Mean ± SD 14 ± 9 11 ± 7 33 ± 14 29 ± 17
Min/max 0/40 0/40 0/50 0/50
Median 10 10 30 30
Deductions of the functional score
(minus) (/20 points)
P = 0.29 P = 0.24 P = 0.11 P = 1
Mean ± SD –2 ± 3 –3 ± 3 –2 ± 3 –2 ± 5
Min/max –10/0 –10/0 –10/0 –20/0
Median 0 –5 0 0
Knee score (/100 points) P = 0.0001 P = 0.0001 P = 0.14 P = 0.82
Mean ± SD 31 ± 14 26 ± 15 85 ± 12 87 ± 8
Min/max 0/69 0/52 48/100 64/100
Median 29 25 87 87
Pain  score (/50 points) P = 0.0001 P = 0.0001 P = 0.27 P = 0.30
Mean ± SD 3 ± 6 2 ± 4 46 ± 10 48 ± 6
Min/max 0/20 0/10 10/50 20/50
Median 0 0 50 50
Flexion degrees) P = 0.06 P = 0.62 P = 0.46 P = 0.59
Mean ± SD 115 ± 11 113 ± 16 112 ± 11 115 ± 10
Min/max 90/135 80/145 80/140 90/130
Median 115 115 110 115
Medio-lateral stability score (/15
points)
P = 0.0001 P = 0.0001 P = 0.01 P = 0.59
Mean ± SD 12 ± 3 10 ± 3 15 ± 1 15 ± 1
Min/max 5/15 5/15 10/15 10/15
Median 15 10 15 15
Antero-posterior stability score
(/10 points)
P = 0.03 P = 0.16 P = 0.46 P = 1
Mean ± SD 10 ± 1 10 ± 1 10 ± 0 10 ± 0
Min/max 5/10 5/10 10/10 10/10
Median 10 10 10 10
Deductions of the knee score
(minus) (/50 points)
P = 0.0001 P = 0.0001 P = 0.51 P = 0.31
Mean ± SD –18 ± 10 –19 ± 9 –7 ± 6 –9 ± 6
Min/max –50/0 –40/0 –20/0 –20/0
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.2. Survival curve
Four knees required revision surgery, three in the CR group (one
otal revision for sepsis, one patellar revision and one removal of
he patellar component) and one in the PS group (removal of the
atellar component). At the ﬁnal follow-up, there were no radio-
ogical signs of loosening of the femoral or tibial components and
o signs of progressive radiolucencies or osteolysis.
Cumulative survival rate at 5 years of follow-up with revision for
ny cause was 97.0% ± 1.7% for the entire series, 96.7% ± 2.3% for CR
nd 97.5% ± 2.5% for PS (Fig. 4). Cumulative survival rate at 7 years
f follow-up with revision for any cause was 95.9% ± 2.0% for the
ntire series, 94.8% ± 2.9% for CR and 97.5% ± 2.5% for PS (Fig. 4).
here was no signiﬁcant difference between the CR and PS groups
P = 0.55).
. DiscussionThe goal of this study was to compare the mid-term clinical and
unctional results of PCL-retaining and posterior-stabilized ﬁxed-
earing EUROP prostheses.p < 0.05.
The same selection criteria were applied to patients in both
groups and surgical procedures were performed during a short
period by a single surgeon with the same technique using pros-
theses with the same design. However, the groups were not
comparable because the indication for the type of implant was
based on the condition of the knee and the PS group included cases
that were excluded from the CR group.
4.1. Clinical and functional results
After a mean follow-up of 54 months, clinical and functional
improvement is signiﬁcant in both the CR and PS groups and there
is no signiﬁcant difference between the groups. These results are
similar to other comparative studies [1–10].
None of the comparative studies have found a signiﬁcant differ-
ence in pain [2,4,6,7,10].
There is no signiﬁcant difference in ﬂexion between the CR and
the PS groups. Final range of motion depends on preoperative range
of motion and BMI. Differences in postoperative range of motion
have been reported in relation to the type of TKA [3,7,8]. Random-
ized studies by Maruyama et al. [3] and Harato et al. [7] show that
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Fig. 3. Preoperative and postoperative assessment of the CR and PS groups. A. Clin-
ical  assessment. B. Functional assessment.
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[10] Lozano-Calderón SA, Shen J, Doumato DF, Greene DA, Zelicof SB. Cruciate-Fig. 4. Survival curves, with revision for any reason as the end point.
ean ﬂexion with CR is lower than with PS [3,7]. Maruyama et al.
eport an increase in postoperative ﬂexion with PS and no change
n ﬂexion with CR [3]. The study by Catani et al., in 20 CR and 20 PS,
nly ﬁnds a difference in passive knee range of motion after 2 years
f follow-up [5]. Three meta-analyses show better range of motion
ollowing PS than with CR [13–15]. On the other hand, several single
r double blind randomized studies do not show any difference in
ostoperative range of motion between CR and PS [1,2,9,11]. Only
ne prospective non-randomized study has shown that CR is better
han PS [8].
.2. Implant survivalThree of the four revisions in our series involved the patellar
omponent. With a cumulative survival rate at 5 years of 96.7% for
R and 97.5% for PS, our results are comparable to those in the
[gy: Surgery & Research 100 (2014) 895–900 899
literature, reporting a survival rate of more than 95% at 5 years
[16–18].
In a review of 11,606 primary TKA performed between 1978
et 2000, Rand et al. report a survival rate of 97% at 5 years for CR
and 92% for PS [16]. In another retrospective review of 8117 TKA
performed in the Mayo Clinic between 1988 and 1998, Abdel et al.
observe a survival rate at 5 years of 98% for CR and 97% for PS [17].
The Australian registry shows a survival rate of 96.4% at 5 years for
CR and 95.6% for PS [18]. The two studies from the Mayo Clinic as
well as the Australian registry show that the difference between
CR and PS increases over time, with better results in CR implants
[16–18].
5. Conclusion
This study showed good clinical and functional mid-term results
with two  cemented ﬁxed-bearing CR or PS TKA. When the indica-
tions were followed, our study shows similar mid-term results for
these two types of EUROP TKA. Therefore, these results do not sup-
port the use of one or the other type of TKA, except in relation
to knee stability and the condition of the PCL. However, certain
results in the literature show that the long-term survival rate of
PS decreases over time while that of CR does not. Only long-term
follow-up of the EUROP TKA can determine whether the results
and the survival rate of these two  types of TKA will continue to be
similar over time.
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